INTRODUCTION
Importantly, parasites treated with RNAse revealed 6mA exclusively detected in the 145 nucleus demonstrating that this epigenetic mark is present in the DNA of T. vaginalis. 146 Similarly, using restriction enzymes MboI and DpnI which digest unmethylated and 147 methylated GATC sequence respectively (38), we found that T. vaginalis genome 148 possesses both methylated and un-methylated adenines in the GATC context ( Fig. 1D ). 149 In order to determine whether parasite adherence could be correlated with 6mA 150 abundance, we performed dot blot assays ( Fig. 1E ) and UHPLC followed by mass 151 spectrometry ( Fig. 1F ) using gDNA from an adherent (B7268) and a less-adherent (G3) 152 strain. However, we found no difference on the abundance of 6mA levels among them. 153 Importantly, we demonstrated that 6mA is present in 2.5% of all adenines, whereas 154 extremely low levels of 5mC was detected (0.004-0.008% of all cytosines) by UHPLC 155 followed by mass spectrometry (Fig. 1F) . To exclude the possibility of signal 156 contamination from M. hominis, a common bacterial symbiont of T. vaginalis (39), parasite cultures were subjected to antibiotic treatment and checked for the elimination 158 of M. hominis prior to the experiments (Sup. Fig. 1B ). These data demonstrate the lack 159 of the bacterial symbiont and confirm that the detected 5mC and 6mA is in T. vaginalis 160 genomic DNA. Taken together, our results demonstrated that 6mA, but not 5mC, is the 161 predominant DNA methylation mark in T. vaginalis. 162 To be considered an epigenetic mark, 6mA needs to be maintained after DNA 163 replication. Our observations using hydroxyurea synchronized cultures revealed the 164 expected decrease in 6mA levels in S phase due to DNA replication, which remained 165 during the G2/M phase of the cell cycle, and restored original abundance after cell 166 division (Sup. Fig. 2 ). These observations support the presence of active 167 methyltransferase(s) responsible for maintaining 6mA levels after cell division.
168
Genome-wide mapping of 6mA in T. vaginalis 169 To determine the function of DNA methylation in T. vaginalis it is essential to 170 identify its genomic distribution. To this end, we performed an adapted methylated 171 DNA immunoprecipitation technique using specific antibodies followed by high- 172 throughput sequencing (MeDIP-seq) (40) on the adherent strain B7268 ( Fig. 2A) . Due 173 to the extremely low levels of 5mC in T. vaginalis, we focused exclusively on 6mA for 174 further analyses. To this end, two independent high-throughput sequencing experiments, 175 each containing pooled DNA from three independent immunoprecipitation assays, were 176 performed. In order to evaluate specificity and enrichments of 6mA in the 177 immunoprecipitated fraction when using a specific anti-6mA antibody, a dot blot assay 178 was performed using an IgG control antibody ( Fig. 2B ).
179
After quality filtering (q-value < 0,01, FE > 2) we obtained a total of 10388 180 6mA peaks found in both replicates, corresponding to 92,1% and 75,6% of all peaks 181 9 present in each independent MeDIP-seq experiment (Fig. 2C Fig. 3B ). Remarkably, peak visualization in a genome browser suggested a clear 187 enrichment of peaks in intergenic regions ( Fig. 2D ). Indeed, peak annotation revealed 188 that 94% of all MeDIP-seq peaks (9746 6mA peaks) were intergenic (Fig. 3A) .
189
Importantly, a shuffled distribution of peaks across T. vaginalis genome would result in 190 an even distribution between genes and intergenic regions ( Fig. 3A) , confirming 6mA is 191 remarkably enriched in intergenic regions.
192
Among the 642 6mA peaks located in genes, most were distributed between the 193 coding region (48%) and the transcription termination sites (TTS) (43%), with only 9% 194 found in the transcription start sites (TSS) ( Fig. 3B ). Comparing those numbers to the 195 percentages that would occur if the peaks had a shuffled distribution (22% in the TTS, 196 60% in the coding region and 12% in the TSS) our results revealed an enrichment of 197 6mA in the TTS when located in genes ( Fig. 3B ). In order to understand the functional 198 role of 6mA, we retrieved the IDs of the methylated genes (Sup. the assignment of a predicted role (8%) and hypothetical proteins with unknown 203 functions (22%) found exclusively in T. vaginalis (Fig. 3C) . Intriguingly, the observed 204 enrichment of 6mA peaks in the TTS was found exclusively in transposable element 205 (TE) genes, suggesting a particular role for methylation at the 3' of TE genes. Gene 206 10 ontology analysis of the methylated genes (excluding genes from TEs) revealed an 207 enrichment of genes involved in protein modification and phosphorylation (p-value < 208 0.05) (Sup . Table 3 ). However, it is important to take into account that most of non-TE 209 genes have no identifiable domain (hypothetical proteins) and therefore were not 210 considered in the GO enrichment analysis.
211
Considering that 6mA has been previously described as an epigenetic mark of 212 transposable elements in other organisms (27, 30) and 70% of T. vaginalis methylated 213 genes belong to TEs, we analyzed if intergenic peaks were also located within TEs. To test if this data was applicable for our analysis, we divided the genes into low was in accordance to what had been described in bibliography (19, 41) and more 233 importantly, we could order the genes based on their relative expression obtained by 234 RT-qPCR similarly as they have been ordered based on their RPKM (Sup . Table 5) , 235 validating the use of the RNA-seq in our analysis. 236 We next looked into the expression levels of the methylated genes using RNA-237 seq data available and maintaining the same criteria for low, moderate and high 238 expression. Considering that the majority of those genes belong to T. vaginalis 239 transposable elements ( Fig. 3C ), it was not surprising that gene expression analysis 240 revealed over 80% of all methylated genes are poorly expressed, with 14% possessing 241 moderate expression and only a small percentage (4%) highly expressed ( Fig. 4A ).
242
However, when we considered the expression levels of the methylated genes without 243 taking into account TE genes, poorly expressed genes were still the most abundant 244 group (over 50%, Sup. Table 6 ), suggesting 6mA could be a sign of repressed 245 expression when found on genes.
246
As described previously, most of the MeDIP-seq peaks have an intergenic 247 localization (Fig. 3A) . In order to evaluate if 6mA could be affecting the expression of 248 adjacent genes as has been described for 6mA in mouse embryonic stem cells (30), we 249 analyzed the expression level of the genes closest to intergenic methylation ( Fig. 4B) . 250 We obtained a total of 6000 genes found near 6714 peaks. However, due to the 251 fragmented nature of T. vaginalis reference genome not all the intergenic peaks could be 252 considered, and it is likely that the real number of genes near intergenic 6mA could be 253 higher. Surprisingly, in contrast with our observations regarding the expression levels of 254 methylated genes ( Fig. 4A ), we found a higher percentage of expressed genes (13.5% 255 with moderate and 16.4% with high expression) near intergenic methylation compared 256 to poorly expressed genes (Fig. 4B) . In fact, genes with intergenic 6mA peaks nearby 257 were expressed at significantly higher levels than genes in unmethylated regions (Fig. 258 4C). Finally, we examined the association between the 6mA peaks distance and 259 expression level of associated genes. We observed that intergenic 6mA is primarily 260 located between -1500bp and +1000bp of the nearest genes regardless of their 261 expression level (Fig. 4D ). Intriguingly, non expressed genes are found significantly 262 closer to their nearest upstream or downstream intergenic peak than expressed genes 263 (Sup. Fig. 3B -C). These observations suggest that the effect of 6mA on gene expression 264 in T. vaginalis depends on its relative position to the corresponding gene. . Table 7) . As can be observed in Figure 5B , intervals 274 containing a greater number of genes tend to be silenced. Conversely, most of the 275 intervals containing fewer genes are actively transcribed.
276
In other organisms it is well known that the three-dimensional genome 277 organization within the nucleus is an important element in the regulation of gene 278 expression (42). In particular, chromatin looping is a type of intrachromosomal 279 interaction that has been shown to influence gene expression (43). Recent work in 280 mammalian cells demonstrated that 5mC was capable of regulating the expression of 281 13 two genes 10 kbp apart via chromatin loop formation (44). Based on these antecedents 282 and our bioinformatics observations, we performed a chromatin conformation capture 283 (3C) assay ( Fig. 6A) to determine if the observed intervals, delimited by intergenic 284 6mA, could be forming this type of chromatin architecture. In order to select intervals to 285 analyze by 3C assay, we filtered out all the intervals with fewer than 5 genes, obtaining BspA containing intervals to be considered for the experiment to repressive intervals 296 p5512-5513 and p2296-2297, and active intervals p4130-4131, p560-561 and p271-272.
297
Consequently, we decided to include intervals lacking BspA genes, resulting in four 298 additional active and repressive intervals to be analyzed by 3C assay (Sup. Table 9 ).
299
Amongst this set of regions, we were unable to amplify only five intervals: BspA-300 containing intervals p560-561 and p271-272, and intervals p1065-1066 and p228-230.
301
On the other hand, PCR amplification of 3C product using primer pairs for active 302 intervals p456-457, p690-692, p806-807 and p4130-4131 as well as repressive intervals 303 p657-658, p786-787, p1871-1873 and p55125-513 showed bands of the expected size 304 for each interval, suggesting that these separate regions of DNA (Sup . Table 9 ) were 305 physically linked to each other in the cell. Importantly, these amplification products 306 14 were either absent or less intense when non-crosslinked control was used as template 307 and completely absent when undigested gDNA control was tested (1-2, Fig. 6B ).
308
Additionally, the intensity of these bands was higher than the ones obtained using an 309 alternative set of primers meant to interrogate the interaction between one extreme of 310 each interval and a flanking region located at a greater distance (1-3, Fig. 6B ).
311
Furthermore, sequencing of each 3C band verified that the fragments belonged to the 312 expected cross-ligation products (Sup. Fig. 4 ). Taken together, our results suggest the 313 presence of chromatin looping at these regions. Additionally, we amplified BspA-314 containing interval p2296-2297 (Sup. Fig. 4I ), obtaining a band of the expected size.
315
Although we were not able to achieve reproducible results with this primer pair, band 316 sequencing confirmed that the identity of the fragment was the expected cross-ligation 317 product (Sup. Fig. 4J ), suggesting the formation of a chromatin loop.
318
To examine whether 6mA might be responsible for regulating the formation of 319 these structures, we performed a 3C assay of parasites treated with ascorbic acid (AA), 320 which has been previously shown to favor DNA demethylation in mammalian cells 321 (46). Dot blot assay of parasites treated with AA confirmed a diminution of 6mA mark 322 of parasites treated with 100 mM AA compared to non-treated parasites (Fig. 7A ).
323
Excitingly, loop formation as determined by 3C analysis was diminished in parasites 324 treated with AA when compared to the non-treated control (Fig. 7B ). Consistent with 325 this finding, our observations suggest that 6mA could indeed be a mark associated with Epigenetics studies and its relationship with gene expression in T. vaginalis are 331 still in their infancy. To date, only the contribution of histone modifications to the 332 regulation of gene expression in the parasite has been described (18, 19) . In the present 333 study, we describe for the first time the presence of 6mA modification in the genome of 334 this unicellular parasite. Here, we present a whole genome analysis of 6mA distribution 335 that provides insight into the possible contributions of this modification to 3D genome 336 architecture and gene expression.
337
In recent years, the role of 6mA has been expanded from a primarily prokaryotic 338 DNA modification to an important epigenetic mark present in several multicellular and 339 unicellular eukaryotic organisms (34). In this study, we use antibody-dependent and 340 independent methods to demonstrate that 6mA is an abundant DNA modification in T. 341 vaginalis genome. 6mA levels in the parasite are comparable to those found in early-342 diverging fungi (33), making T. vaginalis one of the eukaryotic organisms with the 343 highest levels of 6mA reported to date. It is interesting to note that just like early-344 diverging fungi (33), 5mC in T. vaginalis was nearly undetectable. Unfortunately, 345 detection methods that rely on the use of antibodies can give false positives when 5mC 346 levels are low (47), which could explain the low-quality reads obtained from the 5mC 347 MeDIP-seq experiment. These results support our conclusion that 6mA, and not 5mC, is 348 the main DNA modification in T. vaginalis genomic DNA.
349
To be considered an epigenetic mark, 6mA needs to be maintained after DNA Similarly, we found that the majority of the methylated genes in the parasite belong to 378 transposable elements, with 6mA peaks preferentially located on the CDS or TTS of 379 these TE genes (Sup . Table 10 ). This predilection for certain types of TEs and the warranted to evaluate if the same is true for T. vaginalis.
413
The association of 6mA with chromatin looping is noteworthy because it points 422 Trichomonas vaginalis strains B7268 (60) and G3 (ATCC PRA-98, Kent, UK) were 423 cultured at 37°C in TYM medium supplemented with 10% horse serum, penicillin and 424 streptomycin (Invitrogen) (61). To obtain M. hominis free strains, parasite cultures were 425 treated for two weeks with the recommended working concentration of BM-Cyclin 426 (Roche). M. hominis clearance was confirmed by PCR as described previously (62).
MATERIALS AND METHODS

421
Parasites, cell cultures and media
6mA and 5mC immunolocalization experiments
FACSCalibur; BD Biosciences, San José, CA, USA) with appropriate filter sets. Data 500 was analyzed using FlowJo 7.6 software. 518 After the adaptors were trimmed, alignment of high-quality fastq reads to the reference 519 genome (GCF 000002825.2 ASM282v1) was performed using Bowtie2 (66) with -qc-520 filter parameter and all other parameters at default settings. The BAM files were used as 521 input for MACS2(67), which was run with the -g parameter set at 1.76e8 and all other 522 parameters at default settings. Input reads were used as control sample for peak calling.
Bioinformatics analysis of MeDIP-seq data
23
Peaks were then filtered by q-value (< 0.01) and fold enrichment (> 2). Only peaks with 524 more than 75% overlap between replicates were considered for further analysis.
525
HOMER2 (68) 
